The effect of an external electric field on the physical appearance of the Pd/D electrode in an operating cell is discussed. It is shown that the individual globules of t h e " c a u l i f l o we r -l i k e " s t r u c t u r e u n d e r g o a s h a p e c h a n g e e x h i b i t i n g t wo d i s t i n c t features, viz those that require energy expenditure that can be extracted from the applied external field (eg re-orientation, separation of individual globules, dendrite formation) and those that require energy expenditure far in excess of one that can be supplied by the electric field alone (eg exhibiting features usually associated with the solidification of a molten metal under liquid or the presence of localized catastrophic events leading to the formation of craters). It is shown, by energydispersive X-ray method, that the needed energy is provided by nuclear events occurring in the region close to the electrode surface. The nuclear events are of the type: precursor  unstable nucleus  stable nucleus.
The system's reference state is maintained by an overpotential,  . The vanishing of all mass fluxes (at the reference state) demands that all chemical potentials be equal. The overpotential acts as an external potential, ie it determines the distribution of all mobile charges as well as their electrochemical potentials. The ionization D (l)  D + , complex and precursor formation occur in an s-electron rich environment, ie where q + << q -.
The IR imaging of the electrode surface shows that excess heat is generated at discrete locations which, in turn, implies the formation of domains. The existence of hot spots indicates the presence of highly energetic fast reactions which, in turn, produce pressure and temperature waves traveling through the electrode. Indeed, such waves were observed by the response of a pressure sensitive material onto which the Pd/D films were deposited [5] .
System far from equilibrium
The characteristics of systems far from equilibrium are: (i) the formation of new structures is always the result of an instability which may be due to either internal or external fluctuations to the system, (ii) fluctuation is always followed by the response which may bring the system to its original conditions or may produce a new structure, (iii) the system's stability is determined by a complex interplay of kinetic and thermodynamic quantities (ie no statement can be made that is independent of kinetic considerations), (iv) chemical instabilities lead to s p o n t a n e o u s " s e l fo r g a n i z a
t i o n " i f t h e s y s t e m i s a b l e t o e x c h a n g e p a r t o f t h e e n e r g y o r ma t t e r wi t h t h e o u t s i d e wo r l d
in order to establish a microscopic internal order (an open system must be maintained, if selforganization is to occur), (v) as the overpotential is increased, the probability of cluster formation increases (increase in the rate of formation of hot spots).
P a r e n t h e t i c a l l y , i n s y s t e ms f a r f r o m e q u i l i b r i u m t h e c o mp l e x e s c a n b e v i e we d a s " s u p e r mo l e c u l e s " where the physical laws, as formulated for systems at or near equilibrium, may not apply. To quote: " . . . . t h e r e e x i s t n e w d y n a mi c s t a t e s o f ma t t e r i n d u c e d b y a f l o w o f f r e e e n e r g y f a r f r o m e q u i l i b r i u m. Such states are governed by a new physical chemistry on a supermolecular level, while all laws referring to the molecular level, remain essentially unchanged. In all cases considered, the coherent behaviour on the supermolecular level corresponds in fact to an amplification of specific molecular properties (such as kinetic constants) in far from thermodynamic equilibrium conditions" [6, p. 290].
Field interactions with cell components
(i) Conductors. Introduction of an uncharged conductor into the field reduces the total energy of the field. An uncharged conductor located outside the field is attracted towards the field. A conductor, charged or not, when placed in an electric field cannot remain in stable equilibrium. Consequently, if a conductor is constrained then it will suffer shape change, either reversible or permanent, depending upon conditions at the surface and the time involved.
(ii) Electrolyte. The electrolyte phase contains mobile positive and negative ions distributed in a manner that assures charge neutrality (except at boundaries). It is known that an ion in contact with water is solvated, which means that the central ion is surrounded by an oppositely charged ionic cloud. When subjected to an electric field, each ion is acted upon with a net force representing the difference between the accelerating force arising from the applied field and the opposing forces, viz (i) the electrophoretic contribution associated with the structure of the moving entity and (ii) the force connected with the relaxation of the ionic cloud [7] .
(iii) Interphase. Charging of the Pd lattice with hydrogen isotopes by electrochemical means occurs through a number of consecutive processes, ie charge transfer, adsorption, absorption etc. These processes define the thermodynamic structure of the interphase (as opposed to its physical structure). The set of processes involved is as follows: D
denoting charge transfer, adsorption, absorption, placement in Pd lattice, ionization, complex formation [8] .
(iv) The bulk Pd/D. Any charge on a conductor must be located at its surface. Charged mobile species (D + complexes) are also present in the bulk Pd/D material. In general, they will not be affected by an external field, since no field can exist there. However, in the present case, they might be affected by the field generated by the flow of the cell current, ie the electro-diffusion might occur.
(v) Internal stresses -shape change. The relationship between the surface forces and the bulk response is given by
where the div operator derives a vector from tensor. The left side term is the algebraic sum of all sources/sinks continuously distributed over the volume element. The right side defines the outflow, if positive and the inflow, if negative. Equation (1) indicates that forces acting on any finite volume in a body can be reduced to forces applied to the surface of that volume and vice versa. Consequently, it follows that the shape change at constant volume is associated with motion due to internal forces acting on the surface. Thus, the deformation will be determined by the distribution of surface forces, while the rate of deformation by their magnitude.
Internal stresses can be present without the presence of external loads, eg due to inhomogeneities, imperfections, etc a likely situation in the co-deposited film and the continuous evolution of deuterium.
(vi) Location/size. The presence of discrete, randomly distributed sites (hot spots, craters, boulders, etc) implies the existence of volumes within the electrode material where conditions promoting the highly energetic reactions exist. In estimating their magnitude, one must make a certain number of assumptions, eg (i) energy per single event is that of the reaction D + D  He, (ii) the number of single events to produce a crater is on the order of 10 4 or higher, depending upon its radius [9] , (iii) t h e n u mb e r o f s i n g l e e v e n t s n e e d e d t o g e n e r a t e t h e " h o t s p o t " d i s p l a y e d b y I Rimaging is on the order of 10 4 or higher, depending upon its size and brightness. Under these conditions and assuming the loading ratio greater than unity, one can calculate the radius of this volume to be on the order of 100 Å or higher. The events take place within the bulk material in the close vicinity to the contact surface.
Experimental/Results
An operating PdD//D 2 O, 0.3 M LiCl//Pt cell was placed in an electrostatic field generated by a parallel plate capacitor where the field strength was maintained and controlled by setting the potential difference at a specified level. The cell geometry is shown in Fig. 1 . The Pd/D electrode was prepared by the Pd deposition onto an Au foil from a solution of 0.03M PdCl 2 + 0.3M LiCl dissolved in D 2 O. The electrodeposition was under galvanostatic control with the current profile as follows: 1.0 mA cm -2 for 8 hrs, 3mA cm -2 for 8 hrs and at 5.0 mA cm -2 until all Pd 2+ ions were reduced. Upon completion of the Pd deposition, the cell current was increased to a value needed to maintain a visible gas evolution (usually 30 -50 mA cm -2 ) for the next 2 -3 hrs followed by placement in an external electric field (1000 -3000 V cm -1 ) with the cell current increased to about 100 mA cm -2 for the next 48 hrs or longer.
The surface morphology and the bulk structure of the co-deposited Pd/D film, shown in Fig. 2a , undergoes substantial changes when the operating cell is placed in an external electrostatic field. This is illustrated in a series of SEM photographs taken from various runs. In the absence of an electric field, the electrode structure consists of globules, 3 -7  m in diameter, arranged in short columns. Each of the individual globules is an aggregate of much smaller, almost spherical units, having a diameter in a sub-micron range. This structure is uniform throughout the electrode.
Morphological changes -minor deformations
The first noticeable effect, seen shortly after placing the cell in an electric field, is swelling of the co-deposited material followed by displacement toward the negative capacitor plate. The reorientation without substantial change in their size is shown in Fig. 2b . We selected examples of various structures to emphasize the complexity of the system as well as to indicate the impossibility of a quantitative analysis. The selected examples include minor deformation of the original structure, definitive shape change, unusual structures to a deformation associated with, what appears to be, a localized catastrophic event. Another example of the disintegration of the Pd/D structure is shown in Fig. 2c . This figure illustrates the breaking of the bonds holding together the individual globules. The breaking of the bonding and the separation of globules may be due to action of the electric field alone or may be due to combined action of electrical and mechanical forces arising from the bulk material response to the changing magnitude of the surface forces.
A different set of processes appears to be responsible for the structural changes, viz (i) formation of branches (fractals), Fig. 2d and (ii) the production of dendritic growth, Fig. 2e . In what follows, we argue that these two very different forms may have a common origin, namely that they are the result of a combined action of the current flow through a porous structure, the presence of evolving deuterium, and the electric field on the separated micro-globules suspended in the electrolyte and restricted by the porous structure.
The observed morphological and structural changes occur during the reduction of D + /D 2 O ions/molecules at the porous electrode. Thus, at least three factors should be considered: (i) the external field, (ii) the distribution of the cell current and (iii) the presence of gaseous deuterium within the confines of the structure. Since the depth of current penetration (for a given electrode kinetics, current density, etc) into electrode depends on pore size and assuming that all factors are involved, a different response to the field is expected at different sites of the Pd/D material. At sites of a relatively large pore size, the micro-globules are acted upon by two factors, the electric field and the convective flow due to mixing by the evolving deuterium. The electric field redistributes the surface charges while the evolving gas brings micro-globules in contact with each other. Viewing Fig. 2d we identify three areas having distinct features: area A with high density of branches and un-attached micro-globules, area B which is sparsely populated by micro-globules and area C where the un-attached micro-globules are absent and where branches are well defined. The latter indicates that the growth of branches by addition of micro-globules leading to an apparent reversal of the action of an electric field.
Entirely different situations exist in small pore sizes; the pore wall may be covered by gaseous deuterium, thus shifting the cell current deeper into the porous structure. If a micro-globule is placed into the current path, and if the potential drop over the length of the micro-globule in the electrolyte is greater than the sum of cathodic and anodic overpotentials needed to dissolve Pd and deposit the Pd 2+ ions, then the dendritic growth is possible [11] . 
Morphological changes -shape changes
T h e t r a n s i t i o n f r o m t h e " c a u l i f l o we r -l i k e " mo r p h o l o g y t o o t h e r f o r ms i s e x p e c t e d d u e to an interaction of the electric field and the response of a solid to the action of surface forces. While the morphologies shown in Figs. 2b -2e can be accounted for, those in Figs. 3b -3e suggest that additional factors are involved in producing the observed shape changes. Of the great variety of forms, we selected those illustrating the re-shaping of the spherical globules into (i) rods (circular and square), (ii) long wire, (iii) folded thin film and (iv) a crater, the latter suggesting the presence of a violent event. These structural changes require substantial energy expenditure, far in excess of that that can be extracted from the electric field. One such source is of nuclear origin as first suggested by Fleischmann et al [12] . and supported by the emission of soft X-rays [13] , charged particles [14] and tritium [15] and helium [16] production. 
i o n . XRF s p e c t r a s h o wi n g t h e c h e mi c a l c o mp o s i t i o n o f t h e b l i s t e r .
Analysis of the detached thin film, Fig. 4 , showed the presence of Ca, Al, Si, Mg, Zn and Au, O and Cl. Since the latter three elements are present in the cell components, they cannot be attributed to nuclear events (futher experiments are needed for verification). The presence of these new elements on the electrode surface, after a long term polarization, was claimed to be due to the concentration of impurities [2, 3] . While we cannot express an opinion as to the validity of such statement, we can show unambiguously that in our experiments this is not the case. The impurities, 
Zn
whether originating from solution or from cell components should be uniformly distributed over the electrode surface and not concentrated in clearly recognizable spots. In addition, to minimize the notion that they are the result of contamination, initiated in either solution or cell components, we selected two cases: the boulder-like, Fig. 5 , and the crater-like segments of the electrode surface, Fig. 6 . Analysis of the boulder-like segment showed the presence of a single element, Al, and that resembling a crater, the presence of two elements, namely Mg and Al. Without the aid of a Maxwell demon, it would be difficult to argue that such directed motion of impurities can take place. The only sensible answer is that they were produced in the course of electrolysis of D 2 O in a cell placed in an external electric field by nuclear events.
Figure 5. SEM of Pd/D electrode, after being placed in an external electrostatic field, showing a " b o u l d e r -l i k e " d e f o r ma t i o n . XRF s p e c t r a s h o wi n g t h e c h e mi c a l c o mp o s i t i o n o f t h e b o u l d e r
and the area adjacent to the boulder.
More about reaction sites
The progression of an experimental research, experiment  interpretation of results  conclusions  new experiment  etc, is illustrated in Figs. 7a -7c . In a separate study [10] , we showed that the excess heat is not produced continuously over the entire electrode volume but at isolated, randomly d
i s t r i b u t e d i n t i me a n d s p a c e , r e a c t i o n s i t e s . T h e s h o r t l i v e d " h o t s p o t s "
, F i g . 7 a , a r e , i n f a c t , " mi n i -e x p l o s i o n s " a r i s i n g f r o m f a s t a n d h i g h l y e n e r g e t i c r e a c t i o n s . S u c h " mi n i -explosio n s " c a n be displayed by bringing an excess heat generating electrode in contact with an appropriate sensor. Indeed, by co-depositing the Pd/D film onto a piezoelectric substrate, one can display the pressure and temperature waves, originating within the bulk electrode, as they arrive at the sensor's surface, Fig. 7b . In accordance with the concept that one experiment leads to another we noted the following: An analysis of experimental results suggests that events occurring at the contact surface of the interphase region influence the events in the bulk, ie influence the intensity and type of the nuclear events through the interactions between the D + complexes and the Pd lattice assisted by the stress fields at the reaction sites. Consequently, by placing an operating cell in an external electric field one would expect to see effects quite different from those observed in the absence of field. This is illustrated in Fig.7c. 
Discussion
The variety of forms/structures resulting from the exposure to an electric field can be divided in two groups viz those that arise from the co-operative and/or competitive interaction between cell components, relevant processes and their driving forces and those that require substantial energy expenditure.
Search for precursors.
In a previous communication [17] we examined the the behavior of the Pd/D-D 2 O system using cyclic voltammetry. An analysis of voltammograms indicated the presence of what we have interpreted as D 2 + species in analogy to the existing H 2 + molecule-ion. The H 2 + molecule-ion was first considered in electrochemical systems by Horiuti [18] and was modeled by Gryzinski [19] . Basically, it involves injection of an s-electron into an orbit in a manner so that (a) Reaction rate. The reaction path can be viewed as an electron-ion recombination occurring in an external electric field. The effect of an electric field on the rate constant of such reactions was examined by Wojcik and Tachiya [20] . Evidently, the rate constant is affected by an external field in a way that depends on the conditions outside the molecule-ion boundary. In particular, the action of an external field may either accelerate or slow down the electron-ion recombination reaction. ). The electron capture (K-capture) is favored at the " h e a v y e n d " o f t h e p e r i o d i c t a b l e wh e r e t h e K-orbits are small and the probability of an electron to be at nucleus is large. In our case, the high probability is assured by high concentration of energetic s-electrons within the domains. The rate of transmutation of the molecule-ion to a precursor increases with an increase in the chemical potential of s-electrons. This can be demonstrated as follows: for the reaction Z M A + e s - Z-1 X A + at equilibrium, the chemical potentials must be equal. The chemical potential of a single molecule (here, the precursor) is just its internal energy, - . Consequently, - M +  (e -) = - X . Now, since the neutrino leaves the system, its chemical potential does not appear and furthermore, an increase in the s-electron concentration or their energies, tends to increase the e s -capture. Following the s-electron capture the electrostatic energy of the complex molecule-ion is reduced causing its collapse to the precursor. (ii) Fusion of heavier elements, qualitative observations. Fusion of heavier elements, eg Al, Mg, Si, Ca, Zn, etc. occurs (in our system) when an operating cell is placed in an external electric field. Qualitatively, the newly fused elements are found to be randomly distributed over the electrode surface area indicating highly localized reaction sites. The analysis of the reaction sites show either a single element, eg Al, or more than one element, eg Al and Mg. There appears to be some correlation between the structure of the reaction site, as displayed by SEM, and the number of fused elements present. A common feature exhibited in both cases (presence or absence of field) is the presence of highly localized reaction sites (Note the hot spots displayed by IR imaging in the absence of field).
(iii) Proposed fusion mechanism for heavier elements. In formulating the fusion mechanism, we note the following: (a) Fusion must be a single event in the sense that it follows the reaction scheme: precursor + trigger  u n s t a b l e " n u c l e u s "  stable nucleus. One triggering mechanism might be due to e s --capture assisted by local conditions, eg stress field, electric field, etc. 2. The concentration of the D + -complexes is determined by the overpotential. The effect of an external electric field is minimal.
3. Excess enthalpy is generated by highly energetic fast reactions t h a t r e s e mb l e " mi n i -e x p l o s i o n s " . This view is supported by IR imaging (hot spots), by the response of the pressure/temperature sensitive substrates (piezoelectric material) onto which the Pd/D films are co-deposited and by SEM examination and analysis of selected isolated spots showing elements not originally present.
4. The formation of precursors as well as the fusion reactions is of the type: A + B C + D. As written, this statement implies conservation of matter -otherwise, both the reactants and products are not constrained. In practice however, the initial conditions of the reactants are specified by the experimental protocol while those of products by energy considerations and the rate constants. If such reaction occurs in, eg the Pd lattice, additional constraints are operative. Consequently, in the reaction: Z M A + e s - Z-1 X A +  , the particles are constrained by an interaction with the Pd lattice. This, we indicate by writing Pd   Z M A , etc. It is with this in mind that we examine the effects of placing an operating cell in an external electrostatic field.
5. The triggering activities (to initiate fusion reactions) are located within the first few atomic layers and, most likely, involve changes in the electronic structure of this region. These changes are transferred deeper into the Pd lattice where the nuclear events occur.
